Abstract. The first elements of the International Space Station (ISS) will soon be launched into space and over the next few years ISS will be assembled on orbit into its final configuration. Experiments will be performed on a continuous basis both inside and outside the station. External experiments will be mounted on attached payload locations specifically designed to accommodate experiments, provide data and supply power from ISS. From the beginning of the space station program it has been recognized that experiments will require knowledge of the external local environment which can affect the science being performed and may impact lifetime and operations of the experiment hardware. Recently an effort was initiated to design and develop an Environment Monitoring Package (EMP). This paper describes the derivation of the requirements for the EMP package, the type of measurements that the EMP will make and types of instruments which will be employed to make these measurements.
INTRODUCTION
Over the next few years the International Space Station (ISS) will be assembled on-orbit. Experiments will be performed on a continuous basis both inside and outside the station with external experiments mounted on attached payload locations specifically designed to accommodate them and provide a data and power interface. The ISS requirements related to the external environment are identified in space station documents. These specifications provide design guidelines to experiments so that they can be designed to operate successfully in the ISS environment.
They address the external contamination environment produced by ISS, the induced neutral and plasma environment, and the voltage between the ISS structure and the local plasma. Specifications of the natural environment and definition of the perturbed environment due to both the physical presence of the space station in the ambient environment and its contribution to the environfflent by outgassing and venting are also given. Included are the maximum flux of contaminants to surfaces due to outgassing of hardware and venting from station elements for both quiescent and non-quiescent times. An Environment Monitoring Package (EMP) is being designed and The envelope within which the EMP can be operated will be defined by SPDM and SSRMS reach and orientation capabilities which provide access to a large volume around ISS.
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ISS EXTERNAL ENVIRONMENT
If the external environment could be visually superimposed on Figure 1 it would appear very complex. The total environment consists of the natural environment, which will be significantly perturbed by the presence of ISS, and the environment created by ISS itself. The natural environment includes the neutral atoms, primarily atomic oxygen at ISS altitudes, the ionospheric plasma environment, the solar spectrum, micrometeoroid/orbital debris, and particulate and electromagnetic radiation. Some of these environments will be measured by ISS core instrumentation, some by our International Partners and some will be monitored by EMP.
The neutral gas constituency is made up of the natural environment and that produced by outgassing, venting and other ISS operations.
As ISS moves through the Earth's rarefied environment, ram-wake effects are created. The large forward projected area means there will be a large density buildup on the ram side with a large density decrease near aft facing surfaces and a resulting complex wake structure. As pointed out in SSP 30426, this buildup of density near surfaces exposed to the ram direction can be as high as 60 times the ambient density. The ambient atoms will be moving at orbital velocity relative to the ISS while those that have encountered the ISS structure will have modified velocities and may have thermal energies.
There are a large number of vents around ISS which produce significantly varying quantities of gases. They will be expelled moving at a low velocity relative toISSandtheywill have distributions dependent on the vent design. Xenon atoms and ions will be emitted by the plasma eontactor which will be operated on ISS. Its purpose is to ground the ISS structure relative to the local plasma (Carruth, 1992) . Also, thrusters used for attitude control and station reboost will contribute to the neutral and plasma environment when they are operational. Significant efforts have been made to make ISS very clean with the use of very low outgassing materials.
However, some outgassing of the materials will occur contributing to the neutral environment. High molecular weight outgassing products may deposit on other surfaces and can become permanent due to interaction with solar ultraviolet (UV) radiation and/or atomic oxygen. Such deposits can darken under UV altering the properties of optical and thermal control surfaces. Therefore, this environment is of particular importance for assessing the performance of passive thermal control surfaces.
One of the ISS contamination requirements addresses the molecular column density (MCD) which is the integrated number on molecules per unit area through a given line of sight and cannot be measured directly.
Because of the ability of EMP to map the environment within a large envelope provided by the SSRMS and the SPDM, the characterization of the overall neutral environment will be such that the MCD can be accurately modeled.
The ion population around ISS consists of the ambient ionospheric plasma ions as well as those produced by photoionization, charge exchange, the plasma contactor or other processes in the vicinity of the ISS. The ram buildup and the vents will be sources of neutral gas which can enhance the local plasma. The solar arrays generate 160 volts and the negative end is grounded to ISS structure.
The plasma contactor will control the potential of the structure relative to the local plasma, placing the highest voltage end of the array strings near +160 volts. It is possible that some ion production by electron impact may take place in the plasma sheath around the solar arrays.
The plasma eontactor will itself be an ISS source of plasma and its expansion and coupling with the local plasma and magnetic fields will be measured by EMP. As specified in SSP 30420, design and operation of ISS shall be such that during quiescent periods the increase in ion density above the ambient level due to ISS outgassing and operations not exceed 1 x I0 _z m "3 at the plasma boundary of the plasma sheath on any portion of ISS having negative high voltage (greater than 100 V relative to plasma potential) or any positive voltage exposed directly to the ionospheric plasma. The ambient level includes the natural environment and ram/wake effects. Due to the complex interaction of the ambient plasma, the enhanced plasma around ISS and the plasma contactor, an electron population will exist having more than one characteristic temperature, may be non-Maxwellian and will vary spatially.
Assuming quasi-neutrality, the ion density shall be measured over the range from 109 to 10 J3 ions.m-3.
There is an ISS requirement that the potential of the on-orbit ISS structure be within +/-40 V of the local plasma potential. This is to prevent arcing and other effects which can be detrimental to ISS operation and lifetime. The plasma contactor will provide the means to control the potential between ISS and the local plasma. There will still be variations of voltage between parts of the extended ISS structure and the local plasma due to v x B effects. If the contactor is not present or operable then the structure potential relative to the local plasma can also go highly. negative, up to -160 V due to the power system grounding to ISS structure and its coupling to the local plasma. Plasma instruments will be required to operate over all po_ible structure voltages. Due to the motion of ISS the ambient ions will possess a drift relative to ISS. Atoms move unaffected by magnetic fields. However, any ions formed due to ionization of neutral atoms near ISS will be picked up by the magnetic field and also gain a significant drif_ relative to ISS.
